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FOREWORD 

Thit  doeuiiCKt  ic  «  machine  translation  of  Russian 
^  text  which  has  been  processed  by  the  AK/GSQ-l6(  XW-i? ) 

4  Machine  Translator,  owned  and  operated  by  the  United 

I  i  *1 

Utates  Air  Forces  The  mach/^ne  output  has  been  fully 
post <»cdi ted •  AsbiKUity  of  meaning,  words  missing  from 
the  machine *8  dictionary,  end  words  out  of  the  context 
of  meaning  have  been  corrected*  The  sentence  word 
order  has  been  rearranged  for  readability  due-  to  the 
fact  that  Russian  sentence  structure  does  not  follow 
the  English  subject-verb-predi cate  sentence  structure. 
The  fact  of  translation  does  not  guarantee  editorial 
accuracy,  nor  does  it  indicate  USAF  approval  or  dls«» 
approval  of  the  material  translated. 
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DEVELOPMENT  CP  OPERATIONAL  AND  STOATEGIC  ROCKETS  IN  THE  UNITED  STATES 

Colonel  I.  Zheltikov 

History  of  development  of  controlled  rockets  is  not  yet  half  a  century  old. 

In  the  neriod  nreceding  the  Second  World  War,  rocket  technology  had  not  emerged 
fraa  the  exnerimental  stage.  Only  in  1944  the  German-Fascist  Command  started  its 
first  bcanbardment  on  London  and  other  cities  by  means  of  long-range  rockets. 
l!"oerfection  of  construction  and  a  series  of  malfunctions  at  launching  and  in 
flight  of  V-1  and  V-2  rockets  led  to  low  effectiveness  of  their  action.  The  goals 
set  by  the  Hitlerite  Command  were  not  attained.  In  spite  of  this,  the  fact  itself 
of  combat  use  of  long-range  controlled  rockets  signified  the  largest  advance  in 
military  matters. 

After  the  war  the  development  of  rockets  made  rapid  strides.  In  the 
capitalistic  world  United  States  of  America  reached  the  greatest  successes  in  their 
development  and  production.  At  first  this  was  oromoted  by  the  fact  that  Americans 
at  the  end  of  the  war  seized  a  large  quantity  of  all  possible  German  rockets, 
launching  and  technological  equipment,  technical  doci®entation,and  hundreds  of 
German  specialists  on  rocket  arming,  headed  by  the  chief  designer  of  the  V-2  von 
Braun. 

The  V-2  rocket  seized  by  American  troops  in  fascist  Genaauiy  was  subjected  to 
manifold  checks  aiKi  study.  Effectuation  of  experimental  launchings  of  rockets  was 
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§iip4i4  %Q  tht  fira  "(ScRtrtl  Eltetrie." 

Ctntiterablt  cUffloultitt  titr«  att  in  th§  preparation  of  the  launching  of 

roficata.  Garaan  tpaeialista  cam  to  the  raaeua.  A  rejnrasantativa  of  ttw  General 

Klaetrle  Ompaay,  Charlie  F.  Green,  torote:  "Valuable  help  was  obtained  trm 

Gwraan  aeientiete,  engineera,  technicians  and  staff,  preparing  parts  of  rockets. 

Their  experience  and  knowledge  of  these  aatters,  obtained  during  the  overseeing  of 

iadaetrlal  production  and  launchings  of  aany  hundreds  of  V-2s,  were  given  to  the 

Aeeriean  staff  as  fast  as  working  conditions  permitted.  Their  cooperation  was 

fruitful  and  allowed  execution  of  the  program  of  works  on  the  initial  stage  for 
« 

■aiiF  months"  . 

American  strategists  then  already  cherished  the  hope  of  Joining  the  rocket 
wiUi  the  nuclear  charge.  For  that  time  this  was  not  a  simple  matter.  The  V-2 
roeket,  as  is  known,  could  carry  a  payload  in  weight  around  1  t,  and  the  first 
American  atomic  boaibs  weighed  several  tons  each.  Therefor^  one  of  the  problems  of 
investigations  was  the  determining  of  the  posslblity  of  increasing  weight  of  the 
weriiead  of  the  rocket. 

During  tests  of  V-2  the  payload  gradually,  i.e.,  the  weight  of  the  combat  unit 
wee  ianreased.  Of  the  total  quantity  of  released  rockets  71  percent  were  rockets 
witll  a  load  exceeding  the  norm,  besides  this  the  increase  grew  from  year  to  year. 
Thus,  f(nr  example,  during  launchings  of  rockets  in  1946  Americans  managed  to  in- 
ereaee  the  payload  <»Uy  by  68  kg,  in  1947  —  by  182  kg,  in  1948  ~  by  239  kg,  and  in 
Xf49  —  by  470  Idl^pram.  However,  the  payload  wei^t  of  one  and  a  half  t«ts  still 
did  satisfy  the  American  specialists,  and  particularly  their  military  leaders. 
Thai  tAmf  came  to  a  conclusion  of  the  necessity  to  develop  and  to  build  more 
fwmrftll  rockets,  which  could  carry  charges  of  great  destructive  force.  The  scope 
^  eeientific  research  and  ejqjerimental  design  operati<»ui  was  signii leant ly  expanded. 

'  '"lieelGei  investigations  of  the  upper  atmosphere,  Vol.  1,  Moscow,  Gosinoisdat, 

19$7,  ]MfS  46. 


rock«t8  clft8«  "groui^-to-ground".  The  Dafenae  Departaent  deeidad  that  they  would 
develop  along  two  basic  lines:  as  winged  (winged  aissile)  and  as  ballistic  nlssiles. 

Technical  specialists  of  the  fleet  considered  that  the  best  rocket  arsuunent 
for  ships  would  be  the  winged  rocloits.  Their  main  positive  side  as  cosipared  with 
ballistic  roclrats  was  considerably  snaller  in  weight  at  the  sasa  flying  ranges.  The 
insignificant  speeds  and  low  ceilings  characterising  the  flight  of  winged  r(K:kets 
did  not  evoke  any  particular  alarm,  since  the  means  of  antiaircraft  defense  at 
that  tine  still  had  not  ensured  reliable  coabatting  of  winged  miesles. 

The  Air  F«‘ce  Coamiand  also  required  winged  rockets.  Because  winged  missiles 
can  be  delivered  faster  for  armanent,  their  cost  is  less;  they  are  sistpler  in  their 
construction  and  operation  as  compared  with  ballistic  rockets.  This  form  of  rocket 
technology  was  closer  to  the  usual  aircraft  and  the  Air  Force  personnel  wotild  have 
no  problem  mastering  it. 

Despite  the  desires  of  the  leaders  of  the  Naval  and  Air  Forces,  Army  special¬ 
ists,  who  considered  the  possiblity  of  developsent  of  means  of  antiaircraft  defense, 
f»referred  to  create  ballistic  rockets. 

Striving  for  rocket  rearmament,  all  branches  of  the  Armed  Forces  urgently 
developed  technical  tactical  assignments.  In  a  short  period  many  c<»atracts  were 
concluded  with  the  monopolies  for  the  creation  of  various  rocket  systmmi.  To  the 
fulfillment  of  these  cc»itracts  were  suamoned  tens  of  fi.'ms  and  hundumds  of  ir^ustrial 
enterprises . 

In  1948  one  of  the  first  winged  rocket,  ’’Loon"  was  developed  for  the  Naw  fleet  — 

this  was  a  copy  of  the  German  rocket  V-1  witn  small  changes.  It  was  desi^^  for 
attack  on  important  shore  objects  end  could  be  launched  from  ship  as  well  as  from 
shore.  Experiments  were  conducted  by  launching  this  rocket  also  freae  surfaced 
subMrinss.  The  flying  rangs  of  the  rocket  "Lo<ui"  wm  close  to  320  Imi.  In  spite 
of  the  use  of  combined  system  of  c<»itrol  in  fli^t,  including  an  mtmmam  system 


•imI  a  fjntMi  of  roaot*  eoQtrol,  ths  accuracy  of  the  rocket  was  far  fros  satisfactory. 
I^ktvsfere  its  purpose  ues  Ksiifieti.  It  mm  U8«d  later  as  a  fiyinf  target  for  ad- 
Jttstaent  of  antlairoraft  artillery  fire. 

By  1949  for  the  Air  Force  the  winged  rocket  "Matador  was  developed,  based  <wi 
•n  original  aircraft  type  c<mfiguration,  with  the  best  technical  and  tactical 
diaraeteristies.  For  surface  ships  and  subnarines  by  1951  the  fire  "Chance-Vought" 
d^loped  the  winged  eissile  "Regulus". 

The  first  aray  ballistle  caBd)at  rockets  developed  were  syst«i8  tinder  nonen- 
olature  "Hemes"  and  "Corporal".  Their  experiaental  saaples  were  investigated  in 
1951*  "Hemes"  which  was  developed  <m  the  basis  of  the  Gaman  rocket  "Mksser  Fall" 
had  a  rsaote  control  systesi  and  attained  ranges  of  SO  ka,  but  like  "Loon",  it  was 
not  accepted  for  eraeaent.  The  best  characteristics  hed  the  rocket  "Corporal", 
lising  one  of  the  first  to  enter  into  the  rocket>nuelear  weapon  arsenal  of  the 
(hnited  States.  Developed  end  ordered  industry  were  other  types  of  ballistic 
yeeksts,  for  ex»q;»le  the  "Redst<Mie",  which  wee  e  aodifieation  of  the  V<-2. 

It  could  carry  a  nuclear  charge  and  was  designed  for  the  support  of  land 
troops  in  esrrying  out  both  offensive  end  defense  operaticuis,  for  attack  on  strong 
sad  ii^Kortsnt  cooesntrstioos  of  ths  enany  troops  and  aateriel  located  in  the  depth 
of  tactical  sones,  and  also  for  attack  on  aejor  objectives  in  operational  centers, 
RoelBBt  engine  "Redstone",  working  on  bipropellent  —  alcohol  and  liquid  OTcygan, 
developed  a  thrust  of  33.75  t  end  ensured  the  flight  of  the  rocket  over  ranges  tip 
to  yZO  km  with  an  initial  wei|^t  of  over  18  t.  "Matador"  a»l  "Redstcuie"  were 
Immehed  trm  w^iile  land  launchers.  In  spite  of  the  feet  that  the  work  on  these 
rocket  mymtmm  was  not  completed  by  1953,  the  leaders  of  the  Defense  Departaents 
naihsd  to  inelnde  thesi  in  the  nuclear  rocket  arsenals  which  were  necessary  for 
tJMi  to  use  for  political  purposes  frcsi  the  "position  of  strength". 

The  nine-year  period  betwMn  1945  to  1954  appeared  to  be  the  first  stage  in 
dCVUlopMsnt  of  rocket  mtipom  in  the  United  States,  idiose  eharecteristic  features 


Mrt:  th«  d«Y*lopMint  of  scitntifie  roMarch,  oxparijMntal,  dasignt  and  industrial 
baaa  for  furthar  davalopMnt  in  tha  araa  of  ^oabat  roeloit  taohnol<^  operations. 
Ragarding  tha  obtainad  types  of  rocket  MsanMis  vith  liquld-prcpsllant  rocket 
anginas,  thair  llaitad  flying  ranges  and  far  frosi  aect&rata  systoHi  of  eoitrol  did 
not  satisfy  the  nilitary  leadership.  Miliiary  leaders  of  the  United  States  required 
continually  greater  flying  range  of  rockets.  For  launching  distance  they  took  the 
distance  MMhington  »-  Moacow,  cortstituiing  marly  8000  kn.  I^s  >as  eobodied  In 
the  period  1954 — 1958  in  the  <»rder  for  the  de*elo|e»nt  of  intarcontinentai  rocket 
syst«M.  an  6  March  1955  the  Air  Force  Ohief  of  Staff, General  TVining  stated  that 
the  developaant  of  intercontinental  rockets  was  the  first  priority  fS'oblMi  in  the 
progrsa  of  the  Air  Force  and  the  pace  of  operatiiois  in  the  devalopaant  of  the 
rocket  systeas  "Naraho",  "Snark"  and  "Atlas'  would  be  accelerated. 

For  leadership  in  the  develo|»ent  of  strategic  rocketa  in  tha  Air  Force, 
already  in  1950  was  established  a  »ain  adainistratint  for  scientific  investigations 
and  develoiaisnt  of  rocket  wcap<ms.  Pinai  obtained  orders  for  the  developaent  of 
long-rsnge  rockets.  Tm  firs  "Morthrup"  was  developing  preparatory  oparatioiui  in 
the  derslopsent  of  the  interccaitinental  winged  rockaX.  "Snark",  and  the  firm  "Cwjv&ir'' 
—  the  intercontinental  ballistic  rocket  "Atlas".  Rjr  1955  aany  firae  already  were 
in  operation  on  the  developaent  of  strategic  rocket  wsapom.  Specialists  and  firss 
occupied  with  the  design  and  induction  of  rocket  weapcms,  strove  to  take  into 
account  the  failures  of  the  first  expe  :*insnts .  Bspecially  with  the  first  inter¬ 
continental  rocket  "Ifavaho”,  tests  of  whose  separate  eleaents  were  started  in  1952, 
and  showed  the  need  for  significant  reworking. 

FToa  January  1956  to  July  1957  the  winged  rocket  "Snark"  was  tested  on  tiw 

launch  pad.  After  that  it  started  into  lot  production,  in  spite  of  the  fact  that 

control 

during  these  tests  were  aany  failures  in  the  work  of  the  propulsicm  and  tim/systwo. 

On  1  June  1957  trm  Cape  Canaveral  for  the  first  tiae  ms  launched  the  rocket 
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,  But  soon  efbsr  blast  off  it  was  blown  up,  due  to  ihs  failure  of  one  of 
the  Botore  of  the  first  stage.  During  the  first  successful  launching  on  17 
Decwsbsr  of  the  seas  year  the  rocket  travelled  5CX)  siiles.  Out  of  12  rockets 

Intended  for  tests  (experisMntal  series),  seven  sat  with  accidents.  And  cmiy  on 
23  NovMber  1958  was  there  realised  a  launching  of  an  "Atlas  =  which  travelled 
6525  sdles.  This  was  indeed  a  successful  launching,  although  the  rocket  dud  iapact 
30  Biles  frua  ths  point  of  aiming. 

Togsther  with  these  types,  developant  of  rocket  systems  of  msdlimi  range 
(2*^3  thottsend  Kb)  for  the  defense  of  several  bases,  which  were  located  in  foreign 
territories  eround  the  Soviet  Union. 

&reat  expsetatioRS  were  held  for  the  rocint  "Thor"  whose  development  was 
eterted  in  1955*  Its  first  expsriagsntal  launching  took  place  in  October  1957. 
Adjuetaent  of  the  "Thor"  rocket  in  ccaiparatively  a  short  period  was  attained  due 
to  ths  uee  of  ready  unite  of  other  rockets,  in  particular  the  "Atlas  .  After  a 
certain  tmoniA  of  reworldng  the  Oepartssint  of  Defense  put  the  "  Thor  into  lot 
laroduetion.  At  ths  ssa»  tiae  with  the  rocket  "Thor"  was  developed  and  was  tested 
rodnt  "Jupiter"  of  interaediate  operational  range. 

Frequently,  the  Arsy,  Kavy  and  Air  Force  were  simultaneously  occupied  with 
the  developaent  of  the  seas  technical- tactics  data  type  rockets.  Thus,  it  was 
Moveaber  1956  until  the  Secretary  of  Defense  of  the  United  States  made  a  decision 
on  the  developeant  end  introduction  of  rocket  weapons  short  range  by  the  Aray  and 
levy  Air  Fleet,  end  interaediate  range  and  intercontinental  rockets  by  the  Air 
Force.  Sxeeptione  were  the  three  rockets  Thor"  "Jupiter" ,  and'Polaris  ,  which 
beceuee  of  urgency  were  developed  as  before,  siaultansoualy  by  the  Air  Force,  Amy 
•ad  levy. 

FToa  year  to  year  appropriations  for  developmnt  of  rocxet  weapons  launching 
equipaint  and  ths  developaent  of  rocket  provir<g  grounds  were  increased. 

Aaerican  Proving  Grounds  White  Sands,  located  on  a  sparsely  populated  desert 


S 


ali«,  in  (iMw  Ntzleo  sud  7«xm>  tnd  •xtcnding  200  in  froa  north  to  south  «nd  6i>  ka 
(ttm  SAft  to  atft  MUi  found  too  ffiSAll  xnd  insuffici«ntljf  vquippsd  for  tAsts  of 

roeksls.  It  UAS  posslbl*  to  conduQt  t«*3ts  of  only  tACtlcsl  «nd  csrtsln 
oparAti^l  tActlCAl  rockots.  In  connsction  with  this  on  ths  psnistilA  of  Florlds 
bt|t«n  dsirslopasnt  of  so-^CAllsd  Atlantic  Proring  Grounds,  whoss  arss  is  5850  iotcUur^s. 
Its  courss  spproxiastsly  8000  ka  in  Isngth,  was  outlinsd  through  ths  Atlantic  ocsan 
in  ths  dirsetion  of  ths  Island  of  Asesnsicm. 

On  ths  routs  of  ths  proving  grounds  wars  locatsd  11  obssnnstion  statiora :  ons 
ths  ssa  coast  of  Florida,  ths  rsiaaining  onss  on  ths  tehaas  Islands  and  (m  ths 
hast  IndisSr  In  ths  Atlantic  Ocsan  during  ths  psriod  of  coixiuctsd  tssts  wars  ss- 
tablisnsd  spaeial  duty  vassals  with  crawr  for  obsarvaticwi  of  roekst  flints. 

On  tha  tsrritory  of  tha  proving  grounds  ware  davalopad  laxmeh  facilitias  for 
launchings  of  all  possibls  opsrational-tactical  and  stratagic  rocksts  —  tasting 
stands,  aountlng  towars,  blockhousas,  landing  strips.  Tha  proving  grounds  ssrvlcsd 
tans  of  aircraft,  radio  tranaaitting  and  rsesivicg  asehaniaas,  tains  trie  squip- 
asnt,  hangars  for  storags  of  rocksts,  laboratoriss,  a  liquid  oogrgsn  a  factor  with 
a  productivity  of  75  t  par  24  hr,  optical  and  photographic  squipasnt,  slsetric 
powsr  stations,  and  svsn  thsir  own  port. 

Ovsrall  cost  of  ths  constructions  and  squipasnt  installad  on  ths  proving 
grounds  wu  sstiaatsd  at  half  a  billicm  dollars.  A  significant  part  of  this  stn  was 
ths  sxpsnditurs  on  tbs  sqiiipasnt  for  launching  sitss  on  Caps  Cttiavsral.  Ths 
dsvsloiasnt  and  squipstnt  of  ths  proving  grounds  was  a  part  of  ths  gsnsral  hugs 
xffogrm  of  dsvslopasnt  of  roekst  wsapons.  13  Juns  1950  ths  Dspartasnt  of  Dsfsnss 
aasignsd  proving  grounds  for  branchtts  of  Anasd  Forcss.  To  ths  Aray  wars  assignsd 

ths  kftiits  Sands  Proving  Ground  and  nsar  ths  Air  Fores  bass  in  Alnogordo;  U.  S. 

« 

Bavy  —  Point  Mugu  (California)  and  U.S.  Air  Fores  —  Caps  Ca/Avsral  (Florida). 
*latsr  it  was  significantly  sxpandsd  and  rsnaasd  Pacific  Proving  Grounds. 
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Th«  d«v«lo|amit,  the  orders  of  rocket  Neapons  prove  industry  and  their  analng 
of  the  ilnHKi  Forces  absorbed  in  period  1952 — 1957  anniially  1,263, 700, OCX)  dollars. 
However,  U.S.  Air  Force  in  rocket  anuaent  far  excelled  the  arnty.  For  the  saoMi 
period  they  spent  *  cr  the  se  ro?  .s  1,  "  ,  ,  ^  .  ;r--.  Such  a  race  of  rocket  arwing 

for  the  Air  Force  was  encouraged  by  certain  representatives  of  the  ruling  circles 
of  the  United  States,  who  expressed  their  opinion  about  reducing  the  role  of 
piloted  boBibers  and  the  necessity  of  their  replacewsnt  by  long-range  rockets. 

A  ftneral  idea  ’t  appropriations  on  the  developnsnt  of  rocket  weapons  in 

» 

the  United  States  ie  shown  on  the  following  Table  (in  silHors  of  dollars)  . 


f  . . . . 

1 

[ 

SsAxfTuit  rot 

1  5*44«rTii«eciiiir  pceni 

1  cp««ae8  R 

1 

1  CNCpflaM 

\  xgacrs 

:  .«cis4«-.< 

(/Cf) 

i 

!  PAkfTW 

gpyrai 

j  ; 

1  06aii«  c>HM>  ^ 

{  ICCKfROMliaft  . 

1946/47 

1 

‘  0  • 

j 

'{  .1  A 

j 

!  38 

;  i 

1 

;  '.s 

i94'»/50 

i  0* 

1  65 

69 

i  1^4 

S 952/53 

1  3 

i  403 

760 

1  1168 

1955/56 

.  515 

!  387 

1368 

2270  , 

1^7/56 

’  2077 

‘  639 

•  23‘'>1 

:  5107 

1959/80  •• 

,  2952 

;  509 

;  3173 

1  6634 

1960/6!  •• 

3448 

i  3S.3 

i  3155 

J 

}  6986 

KR:  (a)  Fiscal  year;  (b)  rfi»!*s  and  ICBM's;  (c)  Other  "Surface  to  Surface" 
type  adteilee;  (d)  Rockets  of  othsr  types;  (e)  Total  sub  appropriated. 

•Hot  counting  2.3  Billion  dollars  appropriated  to  ‘'Convair"  Coro,  for  Project 

ia-774. 

••Itontative  dau. 

FFoi  the  Table  it  ie  clear  that  the  appror>riation  for  the  develoieient  of 
ro^DSte  in  period  1946—1961  was  22,357  alUlon  dollars.  The  expenditures  were 
hi^ly  increased  on  bellistic  IRBM’s  and  ICBM’s(frooi  3  million  in  1952/53  to 
3,Ua  BilUon  dollars  in  1960/61). 

At  the  cost  of  high  capital  expenditures  the  United  States  in  the  postwar 
years  aanaged  to  create  large  quantity  of  types  of  rockets  artd  equipnent  for  their 
, launching,  to  organise  their  lot  production  and  to  obtain  them  for  arming. 

Sspeeially  great,  attention  was  given  to  rocket  arsaaent  in  the  United  States 
in  last  five  years,  when  their  lag  in  this  respect  behind  the  Soviet  Union  wu 
revealed. 


*Int«nvia  Air  letter  No.  4410,  28.1,  I960. 


Te  1960  the  Aray  alone  dertlcped  6  rocket  syetaea,  including  3  tActicai 


V  ’Liitls  Jwin’  t  “Hon«»i  John",  ”La  Crani'O,  2  operational  ("Corporal'  ,  "HodatOne") 


were/ 


•Ad  1  of  etrategle  ("Jupiter")*  All  of  thmi/ eeeepted  for  enuaent.  'nw  IHB( 

"  Jupiter"  wM  trensferred  for  arauant  of  the  U.S.  Air  Force.  By  I960  the  aost 


"  Jupiter"  wM  trensferred  for  erauant  of  the  U.S.  Air  Force.  By  I960  the  aost 
powerful  rooket  aedie  es  coapered  with  other  branches  of  the  Aread  Forces  of  the 
United  States,  were  st  the  disposal  of  the  Air  Force.  For  their  ftrasaants  were 
obtained  2  winged  ("Matador",  "Snark")  and  3  ballistic  rockets  ("Thor",  "Jupiter 
and  "Atlas").  These  rocket  systeas  ware  intended  for  the  solution  of  a<w>t  iaportant 
problaas  which  because  of  one  reason  or  another  coxild  not  be  carried  out  by  ariation 
or  by  other  aeans.  For  tha  U.S.  Mary,  whoee  appropriations  were  less  for  rocket 


araaasnt,  was  developed  a  scaewhat  aodified  winged  rocket  :>egulutf".  Surface  ships 
and  sutaaarinss  were  araed  id-th  it.  However, the  aain  attention  of  the  U.S.  Navy  was 
turned  to  the  developaent  of  the  rocket  system  "Polaris",  operating  cm  solid  fuel. 

All  ballietic  rockets  of  operational-tactical  and  strategic  designation 
developed  in  the  United  States  before  1956  have  vertical  launchings,  llieir  pro¬ 
pulsion  systaa  works,  ss  a  rule,  on  a  two-coaponsnt  liquid  fusl:  fual  and  ooddiser. 
Thay  ars  characterised  by  enoraous  per  second  fuel  conswption,  in  general, 
coBparativelj  of  short  operational  duration  and  develop  an  enormous  thrust.  A 
large  part  of  ballietic  rockets  trajsetory  travels  far  above  the  surface  of  the 
globe.  American  specialists  ccwisider  that  opposition  to  these  forms  of  rockets  by 
aeans  of  anti-aircraft  defense  is  very  difficult.  In  the  book  "Guided  Missiles", 
issued  by  the  U.S.  Air  Force,  was  indicated  that  "only  guided  missile  (it  has  in 
Bind  ballistic  rocket  —  1.  Zh.)  can  deliver  an  atomic  charge  to  the  outlined 

during  absence  of  eupreaacy  in  the  air.  It  can  travel  past  any  prssently 

known  asans  of  intsreeption,  since  it  poesesses  great  speed.  It  can  hit  any 

« 

target".  Exactly  for  this  reason  in  the  last  8 — 10  years  the  leaders  of  the  Defense 
Depsrtaent  of  ths  United  States  give  preference  tc  ballistic  rockets,  increasing 


thsir  production  and  reducing  the  orders  for  wingsd  missiles. 
^Guided  aissilas.  Moscow,  State  Inoisdat,  I960,  page  7. 
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rocknit  on  liquid  fuol  thoir  •ssontlAl  shcn'tcottings  wer«  r«v«alsd.  All  rockot 
wort,  M  a  rulo,  hoary,  and  conaaquantly,  of  low  mobility.  In  thalr 
accuracy  loft  much  to  ba  dasirad.  And  mainly,  tha  rockats  ware  unraliabla  and  ra- 
quirad  mieh  tima  oi?  pr« launch  praparationa .  Fual  and  oxidisar  for  liquid-propallant 
roekat  anginaa  muat  ba  transportad  and  storad  aaparata  ly,  sinca  with  mixing  thay 
if&ita.  For  fual  atoraga,  transportation  and  sarvicing  it  is  nacassary  to  hava 
apaclal  tanla  and  fualars.  Rockats  tdth  liquid  fual  installations  ordinarily  ara 
fualad  bafora  launching,  which  is  tima  consuming.  As  a  result  total  periods  of 

preparation  of  tha  rocket  for  use  ara  increased  and  combat  readiness  of  rocket 

* 

units  is  lowarad  . 


All  thaaa  drawbacks  originate  from  tha  actual  construction  of  rockets: 
propulsion  ays tame,  control  systems, and  launching  equipment. 

Striwlng  to  incraas#  rocket  combat  raadinsa#,  Aisarican  specialists  in  1959 
pr<^>oaad  two  methods.  One  of  them  —  the  search  for  new  liquid  fuels,  allowing 
storage  of  rockets  in  the  fualad  state  for  prolonged  periods.  Replacement  of 
liquid  cacygan  by  other  cxidisars  in  particular  nitro^n  tetroxida  was  considarea. 
Tha  uaa  of  atorablo  liquid  fuels  allowed  to  reduce  time  for  launching  preparation 

**  M  M 

VII  tv 

of  intareontinantal  ballistic  rockets  and  intermediate  range  rockets  . 

Howaamr,  the  preference  was  given  to  the  alternate  method  —  development  of 
aagiiiaa  operating  on  solid  fxMl.  These  engines  possess  many  great  advantages  over 
the  liquid-fuel  rocket  engines.  These  include,  cimplicity  of  construction  and 
dapandability  of  action:  possibility  of  fueling  the  rocket  ahead  of  time  (and  not 
directly  before  launching);  poaaibility  of  introductiev;  of  subsequent  improvamants 
without  baaie  changes  of  tha  initial  design;  the  absence  of  assembly  and  repair 


♦"Missiles  and  Rockets",  Me.  9, 
♦♦">!i8siles  and  Rockets",  Mo.  2,  . 


no.  3,  1959. 


operations  on  ths  L&uriching  psc^.;  conotani  readiness  for  launching ;  great  value  of 

eeight  factor  of  the  engine;  great  potential  possibilitiee  of  ijiprovaaint  of 

characterletlcs  of  the  enginea  and  of  the  rocket  as  a  whole;  the  Tx>esibilit7  of 

long  tens  storage  of  the  engine  collectod  (fueled)  state;  the  ease  of  location  of 

rockets  (»i  subeiarines  and  underground  launchers  with  8aniautas>atic  or  autcsMtic 

« 

Mlntenance  . 

Ti'ansitlon  to  rockets  with  motors  operating  on  solid  fuel  began  to  be  con¬ 
sidered  in  the  United  States  as  the  most  radical  way  of  increaelng  combat  readiness 
of  rocket  parts.  Practical  swasures  conducted  in  the  last  few  years  in  the  United 
States  reflect  this  very  direction  in  development  of  rocket  technology. 

Rocket  engines  operating  on  solid  fuel  have  an  older  history  than  liquid-fuel 
rocket  engines.  Solid-props Uant  rocket  engines  were  widely  used  by  the  United 
States  in  the  Seccmd  World  War  in  unguided  rockets,  launched  from  multicharge 
ground  launches  and  aircraft. 

After  the  Second  World  Wsr  the  area  of  use  of  solid-fuel  engines  was  expanded 
significantly.  Their  wide  use  began  in  launching  boostara  for  long-range  controlled 
'dockets  and  as  sustainer  engines  for  small  rockets  with  lijeited  flying  range  and 
small  initial  weight.  The  unguided  tactical  adssiles  of  the  U.S.  Army  ’Little 
John"  end  "Honest  John"  with  solid  fuel  engines,  developed  in  the  period  1953 — 1956, 
ensure  the  oreparation  of  the  rocket  for  launching  in  20  minutes.  Launching  of 
tactical  rockets  with  solid  fuel  engines  is  realised  from  mobile  irutallations 
with  &n  inclined  guide  rail.  For  better  stabilisation  and  to  increase  the  firing 
of  the  rocket  accuracy,  "Honest  John"  and  "Little  John"  revolve  slowly  in  flight 
relative  to  the  longitudinal  axis,  owmg  to  auxiliary  tangential  nossles  and  in¬ 
clined  setting  of  stabiliser  planes.  Precisely  tactical  rockets  with  solid  fuel 
engines  were  a  unique  intermediate  stage  to  long-range  solid  fuel  rcK:kets. 


♦Ibid  Ho.  8,  1957,  "Interavia"  No.  22,  1958. 


In  4  fhori.  period  (1956 — 1959)  the  U.S,  krvay  developed  a  new 

operftiionel  ballistic  rocket,  the  ‘Sergeant,  with  solid  fuel  engines;  it  was 
datlfned  to  raplace  the  ccnparatively  old  ballistic  rocket  "Corporal’  —  ono  of  the 
bMie  operatioiml  rockets.  In  the  new  rocket  are  significantly  decreased  the 
diMnsion  and  weight  while  retaining  approxiinatelyr  the  same  range.  Solid-fiMl 
rocket  engine,  installed  on  "Sergeant",  can  develop  a  thrust  on  the  earth  to  22,700 
kg  and  with  the  initial  weight  of  the  rocket  of  4500  kg  to  ensure  the  range  of  its 
flight  up  to  140  kiloowters*. 

In  recent  years  in  the  developmental  stage  in  the  United  States  was  the 
operati<mal  ballistic  rocket  "Pershing"  also  with  a  solid  fuel  engine,  intended  for 
the  reolaceaent  of  the  rocket  "Redstone’  with  liquid-propellant  rocket  engine. 

In  1937  in  the  United  States  began  the  development  of  the  ballistic  rocket 
"Polaris'  for  the  U.3.  Kavy,  and  pruaarily  for  atomic  submarines ,  Since  1961  the 
first  Modification  of  the  rocket  "Polaris'  A-1  became  operational.  Its  engine, 
operating  <m  solid  fuel,  with  a  thrust  over  450(X)  kg  ensures  the  flying  range  of 
the  rocket  up  to  2000  ka.  at  an  initial  weight  of  I2,70C  kg.  The  developed  modi- 
flcatione  of  this  rocket  ('Polaris"  A-2  and  A-3)  are  calculated  at  ranges  of, 
reepeetiTsly,  up  to  2700  and  4600  kilometers. 

In  Mu*ch  1958  the  U.S.  Air  Force  issued  a  command  to  start  work  on  the  new 
intercontinental  ballistic  rocket  project  "Minuteman"  with  solid  fuel  engines.  The 
rocket  will  be  a  three  stage  once  its  range  at  a  weight  of  aoDroxiraately  30  t  will 
be  eloee  to  10  thousand  km.  The  booster  engine  suprxjsedly  will  have  a  thrust 
greater  then  67000  kg.  In  the  American  press  an  opinion  was  voiced  on  the  oossibility 
of  building  even  Bore  powerful  solid  fuel  engines.  In  the  last  two  years  there 
•ppeered  an  aseoeption  of  the  oossibility  of  wide  application  in  rocket  weanons  of 
hjrbrid  rocket  enginee,  operating  on  solid  oxidizer  auid  liquid  fuel;  on  solid  fuel, 
eofltaining  oart  of  the  required  oxidizer,  and  the  remaining  oxidizer  in  liquid  form 
or  <m  solid  fuel  and  liquid  oxidizer. 


^"flight",  2.  U.  1961. 


In  th«  hybrid  rock«t  th«  char*ct«ri8tic8  of  vibration  and  also  th8  sensitivity 

to  impact  load  and  tsii^ratur*  changes  are  improved.  Mixing  of  fuel  beccnes  less 

dangerous  and  is  easier;  reliability  of  the  engine  is  increased.  In  the  hybrid 

system  by  ad.Justment  of  the  oxidiser  or  fuel  flow  it  is  possible  to  change  the  thrust 

force  to  a  large  degree.  Due  to  separation  of  the  oxidiser  and  fuel  danger  of 

« 

ignition  and  explosion  is  decreased  . 

Simultaneously  with  the  improvement  of  chemical  fuel  engines  in  the  United 

States  from  1956  scientific  research  axid  experimental  design  operations  were  con~ 

ducted  on  developsMint  .*f  rockets  with  nuclear  engine  installations  with  a  very  high 

snecific  thrust.  The  National  Astronautics  Administration  concluded  with  firm 

"Lockheed  Missiles  and  Space"  a  contract  for  180  million  dollars,  providing  for  the 

develoinent  and  manufacture  of  10  experimental  "Rift"  rockets  with  nuclear  engines. 

.his  rocket  will  be  in  length  over  30  m  and  in  diameter  approximately  10  m.  It  is 

designed  for  use  as  the  la»  -  (third)  stage  on  the  gigantic  rocket  "Saturn  C-5". 

Its  engines  for  the  first  two  stages  will  operate  on  chemical  fuels.  First  test 

«« 

flights  are  anticipated  in  1966—1967  .  So  far  the  question  of  nuclear  power 

installations  for  interplanetary  rockets  is  in  abeyance.  In  the  future  these 
installations  could  find  application  in  intercontinental  ballistic  as  well  as  in 
winged  rockets. 

Developsmnt  of  a  highly  effective  rocket  weapon  is  inconceivable  without  a 
perfect  systems  of  control  and  guidance  of  rockets  to  the  target.  In  the  United 
States  of  America  the  course  of  the  Second  World  War  equipswnt  fen*  remote  control 
for  aerial  bombs  and  aircraft  was  developed.  Obsolete  bombers,  loaded  trith  ex~ 
plosives,  were  used  for  singlSHsisslon  bombardment  of  German  cities  in  19UU  and  1945. 
However,  remote  ccmtrol  systems  useful  for  control  of  aircraft  with  low  speeds  and 
relatively  small  range,  did  not  ensure  proper  ccmtrol  even  in  the  first  American 
ballistic  rocket  models. 

"Chemical  and  Ilngineering  News"  Ko.  5,  i960, 
and  Rockets"  No.  5,  1962. 

/J 


During  devtloT«»nt,  of  rockets  with  liquid-fuel  rocket  engines  two  main  syotems 
of  '•ontrol  were  used:  radio-technical  and  internal.  The  negative  side  of  radio- 
technical  systems  of  control  is  their  susceptibility  to  the  influence  of  radio 
interference.  Internal  systems  of  control  are  not  subject  to  the  influence  of 
radio  interference,  and  hence  their  great  advantage. 

In  the  course  of  develocoent  of  guidance  and  control  systems  of  rockets  in 
the  U.  S.  Armed  Forces  was  conducted  great  experimental  designing,  aimed  at  the 
increase  of  accuracy  of  rocket  flights.  Measures  wei^  taken  to  make  the  control 
system  invulnerable  to  Jamming.  For  this  the  rockets  ware  equipped  chiefly  with 
internal  systems  of  control.  Thus,  on  the  majority  of  American  rockets,  developed 
in  period  from  1950  to  1957  were  provided  systems  of  radio-technical  control,  later 
the  preference  was  given  to  internal  systems. 

Scientific  research  and  design  organisations,  and  also  firms  of  the  United 
States,  developing  control  and  guidance  systems  for  several  years  have  allotted 
much  attention  to  analysis  of  the  relative  accuracy  and  of  the  operating  advantages 
of  various  systems  of  guidance  and  control  of  strategic  ballistic  rockets.  In 
publishid  wcmrks  it  is  noted  that  at  present  the  error  in  internal  (inertial) 

•ystemm  of  control  exceeds  twice  the  ez*ror  in  radio-technical  (radio  cooaand) 
systems.  However,  considerations  are  declared  that  by  1965  the  accuracy  of 
inertial  systems  will  be  increased  twice  and  brought  up  to  the  present  accuracy  ox 
the  radio-technical  systems. 

In  spite  of  the  poor  accuracy  of  internal  systems  of  control,  they  have  an 
important  advantage  as  the  possibility  of  multiple  launching  of  great  qiaantity  of 
rockets.  This  is  especially  ii^>ortant  for  solid-ftMl, long-range  rockets  which  are 
designed  for  fast  launching. 

Simultanaously  with  the  propulsion  installations,  by  control  and  guidance 
eyetams  significant  attention  was  given  in  the  United  States  to  the  developessnt  of 
launching  (launch)  equipment.  The  political  and  military  leadership  of  the  United 


St«t«t  dtMuxltd  froB  its  tschnicftl  brain  poi*»r  and  iivJustry  tm  dsysloneant  of 
such  launching  aquipawnt  which  would  in  all  caaas,  ansura  tha  Draseni  fulfil li&er.!. 
of  the  problsoa  by  rocket  arasawnt. 

During  the  development  of  tactical  or  operational-tactical  rockets  it 
considered  that  they  have  to  ensure  fast  preparation  for  launching,  high  firenoi^r 
of  units  and  the  ability  to  transfer  rapidly  on  the  field  o;f  battle  siauitaneousiy 
with  other  troops.  That’s  %diy  Aaericans  still  in  I960  were  striving  to- design  only 
aobile  systeas.  The  concept  of  ‘‘full  mobility"’  includes:  the  ability  to  be 
transferred  cm  any  road  conditions  and  over  broken  terrain,  (and  also  transfer  by 
air),  surmounting  water  barriers  without  the  use  of  special  means:  the  ooasibiliiy 
of  rapid  deployment  cm  the  launching  positicm,  conducting  pre launching  inspections 
and  ths  firing  of  rockets  in  several  minutes;  possibility  of  chan^  of  flight  range 
and  the  force  of  explosion  of  the  charge  by  aeans  of  repiacBeent  of  the  motors  and 
the  warheads,  Jfy  affirmation  of  Aaericane,  the  exasple  of  a  ccaiplete  mobile 

system  is  the  rocket  "Pershing’’,  whose  launching  equipment  is  iK>unted  on  several 

« 

motor  vehicles  , 

The  develoment  of  launch  equifsaent  for  strategic  rockets  was  handled 
completely  differently:  initially  it  was  constructed  as  stationary.  Zy  19>6  were 
!»*oposed  requirements  for  ensuring  great  combat  readinees  and  maxlmuBs  protection 
from  nuclear  blasts. 

Thus  was  developed  the  laiinching  equipment  for  the  rocket  'Titan",  which  xs 
completely  submerged  in  underground  shafts.  For  the  intercontinental  rocket 
"Minutsaan"  are  anticipated  the  building  of  stationary  underground  reinforced 
concrete  launching  sites  In  the  for®  of  wells  [ silos ].  On  these  launching  sites 
rockets  must  be  in  ccmstant  combat  readiness.  For  protection  from  damage  to 
-he  propulsion  systems,  the  fuel  and  control  aystema  of  rockets  for  a  long  period 
of  time  ^several  years)  is  subjected  to  hermetic  sealing  of  the  launcher  wells 
(shafts). 
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^'SlaultarMiously  with  th«  atAticnary  variant  of  launching  aquirmant  of  the 
rockat  ’  Minutaaian'’  frat  1959  was  developed  a  mobile  coabat  launching  complex  on 
railroad  olatforma.  However ,  in  1961  these  works  were  discontinued. 

The  tendency  to  disperse  and  to  cover  uo  the  strategic  nuclear  rockets 
directed  the  sdlitary  specialists  of  the  United  States  to  the  idea  of  using 
submarines  as  carr..  ’S  of  long-range  rockets.  During  recent  years  oceangoing 
submarines  with  atomic  power  installations  are  being  created  on  a  crash  basis,  each 
of  idileh  can  have  on  board  16  ballistic  rockets  of  "Polaris'  t>pe.  The  use  of 
submarines  as  mobile  Xaunehars  and  the  possibility  of  launching  rockets  from  ujnder- 
water  oosition  significantly  increases  the  invulnerability  of  these  means,  especially 
during  action  in  vast  Arctic  regions. 

In  recant  years  in  rocket  construction  the  United  States  is  observed  a 
tendency  to  unify  nose  cones  ^id  nuclear  charges,  i.e.,  to  make  them  in  such  a 
manner  so  that  the  same  construction  would  be  useful  for  various  rockets.  Thus, 
for  examole,  thu  nose  cons  of  MK-4,  developed  for  the  "Titan",  is  planned  to  be 
diatributed  alao  for  the  rocket  "Atlas".  This  nose  cone  is  equipped  with  a  warhecul 
of  significantly  higher  power  than  the  cones  of  the  initial  construction.  Titus 
occurs  an  interchangeability  of  warheads  of  two  intercontinental  ballistic  rockets. 

At  tba  earns  time  there  appeared  a  tendency  for  one  type  of  carrier  rocket  to  have 
charjges  of  various  power,  the  use  of  which  depends  up<m  the  importance  and  character 
of  the  targets .  In  the  press  it  was  noted  that  in  the  rocket  "Corporal'  nuclear 
charges  can  be  applied  in  capacity  of  10,  20,  50  and  100  kt.  This  will  make  it 
poesible  to  execute  a  large  amount  of  firing  probjicms. 

The  xuUlng  circlaa  of  USA  have  not  rejected  the  idea  of  the  possible  application 
of  chemical  and  bacteriological  weapons  with  the  help  of  rockets.  In  the  issued 
works  are  considered  questions  of  design  of  warheads  of  rockets  for  delivery  to 
the  target  of  chemical  poisoning  substances  and  pathogenic  bacteria.  It  is  not 
out  of  the  question  that  in  certain  rockets  of  various  types  and  assignments  csn 


\)9  anoliad  intarchangaabl*  warhaads  with  nuclear,  chemical  or  bacteriolo^i^cal 
equirewnl. 
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Striving  to  increase  the  quality  of  rocket  technology,  and  especially  the 
unification  of  separate  units  and  assembly,  it  became  necessary  to  use  new,  more 
light,  durable  and  x^flractory  materials.  Ceramics  and  polymers  already  find  wiae 
application  in  rocket  construction.  For  replacement  of  metals  synthetic  materials 
are  used.  In  the  new  modification  of  the  rocket  "Atlas"  the  crimped  metal  coal 
skirt  around  the  two  laimching  motors  was  replaced  by  a  skirt  of  fiberglass  idiicn 
decreases  the  weight  of  the  rocket  and  ioproves  its  characteristic.  In  this 
question  certain  firms  go  significantly  further.  For  example,  "Studebaker-PacKard 
Corp."  and  "Amsel  Propulsion"  proposed  to  the  Defense  Department  to  stmrt  a 
scientific  research  and  experimental  and  design  operations  to  davelop  rocket 
engi^p,  body,  nose  cone,  etc.  of  plasties. 

^n  the  given  article  there  are  considered  only  certain  quastions  of  the 
history  of  developsmnt  of  long-range  rocket  weapona  in  the  United  States  in  the 
nostwar  uariod  and  the  basic  tendencies  of  development  of  American  rocket  technology. 
This  developmant  is  on  the  road  g#  isq^rovement  of  technical-tactical  and 
characteristics  of  the  rocket  weapon  and  the  hroadanizig  of  the  scope  of  the||| 
execution  of  firing  problems.  The  military  and  political  leadership  of  the  United 
States,  depanding  mostly  in  a  new  war  on  the  nuclear  rocket  weapon,  are  applying 
great  efforts  for  the  development  and  creation  of  "second  genmration^^'^balllstic 
rockets  with  solid-fuel  engines,  rsliable  and  accurate  systems  of  control,  snbxle 
launching  equipment  and  interchangeable  warheads. 
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